INTRODUCTION {#s1}
============

Bladder cancer (BC) is the seventh most common cancer worldwide in men, and the 17th most common in women \[[@R1]\]. Every year, approximately 110,000 men and 70,000 women are diagnosed with BC, and about 17,000 patients in the United States and 40,000 patients in the European Union die from the disease \[[@R1]\].

Cystoscopy and urinary cytology are the gold standard diagnostic tools for BC. However, cystoscopy is both invasive and uncomfortable, and urine cytology has poor sensitivity \[[@R2], [@R3]\]. Therefore, a new noninvasive method with better sensitivity and specificity for detecting BC is necessary. Historically, a number of urine-based tests, including bladder tumor antigen (BTA), nuclear matrix protein 22 (NMP22), and fluorescence *in situ* hybridization (FISH), have been developed \[[@R4], [@R5]\]. Recently, new noninvasive diagnostic methods based on metabolomics and on measurement of microRNA markers in urine have been reported \[[@R6]--[@R8]\]. However, the diagnostic capability of BTA, NMP22, and FISH has been insufficient and further validation studies are necessary to confirm whether metabolomics and microRNA markers can be used detect BC.

Recent studies isolated circulating nucleic acids from body fluids such as serum, plasma, and urine \[[@R9]--[@R11]\]. Thus, there is a growing interest in circulating nucleic acids as cancer detection biomarkers. The origins of circulating nucleic acids remain unclear, but it is thought that they are released from apoptotic and necrotic cancer cells \[[@R12]\]. In bladder cancer, urine could be an ideal source of biomarker because it can experiences direct contact with cancer. In addition, the measurements of mRNA using RT-PCR in urine are reported to have a high sensitivity and specificity in BC patients \[[@R13]\].

The concentration of cell-free RNA in urine is three times higher than that of cell-free DNA \[[@R14]\]; therefore, the aim of the present study was to identify a key urinary cell-free RNA marker that may assist in the diagnosis of BC.

RESULTS {#s2}
=======

Baseline characteristics of the study population {#s2_1}
------------------------------------------------

The mean age of the 212 BC patients (177 males and 35 females) was 65.75 ± 12.69 years and that of the 106 controls (60 males and 46 females) was 64.46 ± 9.55 years. Forty-nine, 93, and 70 patients had grade G1, G2, or G3 cancer, respectively, and 65, 78, 31, 18, and 20 patients had stage Ta, T1, T2, T3, or T4 cancer, respectively. Other baseline characteristics are listed in Table [1](#T1){ref-type="table"}.

###### Baseline characteristics of the study patients

  Variables (%)                   UC cases        Controls       *p*-value   Healthy controls   Hematuria controls
  ------------------------------- --------------- -------------- ----------- ------------------ --------------------
  Number                          212             106                        64                 42
  Mean age ± SD                   65.75 ± 12.69   64.46 ± 9.55   0.359       65.77 ± 7.87       62.48 ± 11.48
  Gender                                                         \< 0.001                       
   Male                           177 (83.5)      60 (56.6)                  35 (54.7)          25 (59.5)
   Female                         35 (16.5)       46 (43.4)                  29 (45.3)          17 (40.5)
  Grade                                                                                         
   G1                             49 (23.1)                                                     
   G2                             93 (43.9)                                                     
   G3                             70 (33.0)                                                     
  T stage                                                                                       
   Ta                             65 (30.7)                                                     
   T1                             78 (36.8)                                                     
   T2                             31 (14.6)                                                     
   T3                             18 (8.5)                                                      
   T4                             20 (9.4)                                                      
  N stage                                                                                       
   N0                             189 (89.2)                                                    
   N(1--3)                        23 (10.8)                                                     
  M stage                                                                                       
   M0                             202 (95.3)                                                    
   M1                             10 (4.7)                                                      
  NMIBC size                                                                                    
   \< 3 cm                        81 (56.6)                                                     
   ≥ 3 cm                         62 (43.4)                                                     
  NMIBC number                                                                                  
   Single                         85 (59.4)                                                     
   Multiple                       58 (40.6)                                                     
  MIBC prior radical cystectomy                                                                 
   No                             31 (44.9)                                                     
   Yes                            38 (55.1)                                                     

Selection of candidate urinary cell-free RNAs from tissue mRNA array data {#s2_2}
-------------------------------------------------------------------------

Table [2](#T2){ref-type="table"} lists the five candidate urinary cell-free RNAs selected from tissue mRNA array data derived from BC patients and normal controls. Eleven candidate genes were identified as the top ranked genes based on their increased levels in BC tissues compared with normal controls. However, six of these cell-free RNAs were not detected in urine by RT-PCR. Thus, five cell-free RNAs (CDC20, TOP2A, ESM1, UBE2C, and CA9) were selected as candidate BC detection markers.

###### Candidate cell-free RNAs in urine[^\*^](#tfn_001){ref-type="table-fn"}

  Gene symbol   Tissue mRNA array (normal *vs*. BC)   Urine       
  ------------- ------------------------------------- ----------- ----------------------------------------
  CDC20         *P* \< 0.001                          3.9323197   \+[^†^](#tfn_002){ref-type="table-fn"}
  TOP2A         *P* \< 0.001                          3.2166836   \+[^†^](#tfn_002){ref-type="table-fn"}
  ESM1          *P* \< 0.001                          3.1806504   \+[^†^](#tfn_002){ref-type="table-fn"}
  UBE2C         *P* \< 0.001                          2.9033677   \+[^†^](#tfn_002){ref-type="table-fn"}
  CA9           *P* \< 0.001                          2.6839344   \+[^†^](#tfn_002){ref-type="table-fn"}
  IQGAP3        *P* \< 0.001                          3.3673384   −
  WDR72         *P* \< 0.001                          3.3154834   −
  NUSAP1        *P* \< 0.001                          2.8828531   −
  LOC440157     *P* \< 0.001                          2.8201986   −
  TTK           *P* \< 0.001                          2.8054334   −
  IGF2          *P* \< 0.001                          2.7653014   −

These cell-free mRNAs were chosen because they showed the greatest increase of levels in bladder cancer tissue compared with controls on tissue microarrays.

Presented candidate cell-free RNAs in urine.

Levels of urinary cell-free RNAs in BC and normal control samples {#s2_3}
-----------------------------------------------------------------

As shown in Figure [1](#F1){ref-type="fig"}, the levels of CDC20, TOP2A, ESM1, UBE2C, and CA9 in urine samples from BC patients were significantly higher than those in samples from normal controls (*p* \< 0.001, each). In addition, the levels of urinary cell-free RNAs from both NMIBC and MIBC patients were significantly higher than those from normal controls (*p* \< 0.05, each) (Table [3](#T3){ref-type="table"}).

![Comparison of urinary cell-free RNA expression levels in samples from bladder cancer patients and normal controls\
RT-PCR analysis of urinary cell-free RNA of CDC20, TOP2A, ESM1, UBE2C, and CA9 was performed as described in the Material and Methods section. *P* values were calculated using the Mann-Whitney *U* test. BC: bladder cancer.](oncotarget-07-58193-g001){#F1}

###### The levels of urinary cell-free RNAs between NMIBC or MIBC and normal controls

          Normal controls       NMIBC                              MIBC                      
  ------- --------------------- ----------------------- ---------- ------------------------- ----------
  CDC20   9.6 (3.3--48.4)       27.7 (8.8--138.2)       \< 0.001   156.5 (44.7--1144.5)      \< 0.001
  TOP2A   159.2 (24.5--454.1)   183.1 (44.1--1068.8)    0.022      1411.2 (302.5--8286.6)    \< 0.001
  ESM1    236.5 (49.3--916.5)   488.2 (138.8--2845.6)   \< 0.001   4462.8 (827.5--18258.3)   \< 0.001
  UBE2C   95.6 (24.8--367.6)    208.8 (105.8--952.9)    \< 0.001   1345.0 (368.7--9077.9)    \< 0.001
  CA9     34.1 (10.9--40.4)     78.9 (26.9--353.0)      \< 0.001   705.7 (138.0--3918.6)     \< 0.001

IQR interquartile range.

Copy number of corresponding transcript per μg of total RNA used for cDNA synthesis.

Mann-Whitney *U* test was used to compare expression between 2 groups.

Selection of candidate urinary cell-free RNAs by ROC analysis {#s2_4}
-------------------------------------------------------------

ROC curve analysis led to the selection of four urinary cell-free RNAs (CDC20, ESM1, UBE2C, and CA9) that yielded an area under the curve (AUC) above the selected cut-off value of 0.7 (the AUCs for CDC20, ESM1, UBE2C, and CA9 were 0.716, 0.704, 0.721, and 0.702; respectively) (Figure [2](#F2){ref-type="fig"}). In addition, cut-off values for CDC20, ESM1, UBE2C, and CA9 (11.5101, 14.9784, 13.7558, and 13.4314, respectively) were selected based on the highest combined sensitivity (77.3%, 69.2%, 82.0%, and 64.5%, respectively) and specificity (54.4%, 61.2%, 53.4%, and 68.9%, respectively) for BC.

![Receiver operating characteristic curve analysis of candidate urinary cell-free RNAs selected from microarray data\
The AUCs for CDC20, ESM1, UBE2C, and CA9 were 0.716, 0.704, 0.721, and 0.702, respectively. AUC: the area under curve.](oncotarget-07-58193-g002){#F2}

Multivariate binary logistic regression analysis to select urinary cell-free RNAs as markers of BC {#s2_5}
--------------------------------------------------------------------------------------------------

Multivariate binary logistic regression analysis of cell-free RNA levels in urine samples revealed that high UBE2C was significantly associated BC \[odds ratio (OR), 1.754; confidence interval (CI), 1.147--2.682; *p* = 0.010\] (Table [4](#T4){ref-type="table"}). Based on the cut-off value for UBE2C (13.7558) obtained from ROC curve analysis, the level of UBE2C in urine samples remained significantly associated with BC (OR, 3.232; CI, 1.316--7.940; *p* = 0.011). These data suggest that urinary levels of UBE2C can be used to discrimination BC patients from normal controls.

###### Multivariate binary logistic regression analysis to select the urinary cell-free RNAs as biomarkers for bladder cancer

  Urinary cell-free RNA   Bladder cancer present                                                                       
  ----------------------- ------------------------ -------------------------------------------- ---------------------- --------------------------------------------
  CDC20                   1.013 (0.687--1.494)     0.947                                        0.999 (0.377--2.651)   0.999
  ESM1                    0.954 (0.693--1.314)     0.773                                        1.076 (0.458--2.525)   0.867
  UBE2C                   1.754 (1.147--2.682)     0.010[^\*^](#tfn_005){ref-type="table-fn"}   3.232 (1.316--7.940)   0.011[^\*^](#tfn_005){ref-type="table-fn"}
  CA9                     0.974 (0.735--1.292)     0.857                                        1.849 (0.836--4.086)   0.129

OR: Odds ratio, CI: confidence interval.

The results of multivariate binary logistic regression analysis were confirmed by backward elimination.

UBE2C can discriminate between BC and hematuria {#s2_6}
-----------------------------------------------

Urinary levels of UBE2C could be used successfully to discriminate BC patients from non-cancer patients with hematuria (AUC, 0.839; sensitivity, 82.5%; and specificity, 76.2%) (Figure [3](#F3){ref-type="fig"}).

![Receiver operating characteristics curve analysis of UBE2C urinary cell-free RNA levels in bladder cancer patients and those with hematuria from benign conditions\
Between BC patients and hematuria controls, the AUC of UBE2C was 0.839 and the sensitivity and specificity was 82.5% and 76.2%, respectively. AUC: the area under curve.](oncotarget-07-58193-g003){#F3}

Urinary cell-free RNA, UBE2C as a valuable diagnostic marker in NMIBC and MIBC {#s2_7}
------------------------------------------------------------------------------

In NMIBC and MIBC, higher UBE2C levels was significantly associated with NMIBC (OR: 1.501, CI: 1.279--1.763, *p* \< 0.001) and MIBC (OR: 2.134, CI: 1.696--2.685, *p* \< 0.001) (Table [5](#T5){ref-type="table"}). Using a ROC curve, the AUC of UBE2C urinary cell-free RNAs in NMIBC and MIBC were 0.680 and 0.856, respectively (Figure [4](#F4){ref-type="fig"}). The highest combined sensitivity (specificity) of urinary cell-free RNAs of UBE2C in NMIBC and MIBC were 75.5% (54.7%) and 68.1% (87.7%), respectively.

###### Binary logistic regression analysis of UBE2C cell-free RNA as a biomarker in NMIBC and MIBC

  Urinary cell-free RNA   NMIBC                  MIBC                              
  ----------------------- ---------------------- ---------- ---------------------- ----------
  UBE2C                   1.501 (1.279--1.763)   \< 0.001   2.134 (1.696--2.685)   \< 0.001

OR: Odds ratio, CI: confidence interval.

![Receiver operating characteristics curve analysis of UBE2C urinary cell-free RNAs in NMIBC and MIBC\
The AUC values of NMIBC and MIBC were 0.680 and 0.856, respectively. AUC: the area under curve, NMIBC: non-muscle invasive bladder cancer, MIBC: muscle invasive bladder cancer.](oncotarget-07-58193-g004){#F4}

Urinary UBE2C levels according to tumor grade {#s2_8}
---------------------------------------------

UBE2C levels was significantly increased in G2 and G3 tumors compared to normal controls (*p* \< 0.001, respectively). Using a ROC curve, the AUC of UBE2C urinary cell-free RNAs according to tumor grade G1, G2, and G3 were 0.575, 0.745, and 0.836, respectively, when compared to normal controls (Figure [5-1](#F5){ref-type="fig"}). In addition, the AUC of UBE2C urinary cell-free RNAs for G1, G2, and G3 were 0.732, 0.846, and 0.901, respectively, when compared to hematuria patients (*p* \< 0.001, respectively) (Figure [5-2](#F5){ref-type="fig"}).

![Urinary UBE2C levels according to tumor grade\
UBE2C levels was significantly increased in G2 and G3 tumors compared to normal controls (**1A**--**1D**). The AUC of UBE2C urinary cell-free RNAs according to tumor grade for G1, G2, and G3 were 0.575, 0.745, and 0.836 compared to normal controls. In comparison to hematuria patients, the AUC of UBE2C urinary cell-free RNAs according to grade G1, G2, and G3 were 0.732, 0.846, and 0.901 compared to hematuria patients (**2A**--**2D**). AUC: the area under curve.](oncotarget-07-58193-g005){#F5}

DISCUSSION {#s3}
==========

The present study identified urinary levels of UBE2C cell-free RNA as a possible diagnostic marker for BC. Furthermore, measurement of urinary UBE2C levels is a suitable noninvasive tool for discriminating BC patients from non-cancer patients with hematuria. Thus, the present study is the first study to identify urinary UBE2C cell-free RNA as a diagnostic marker for BC.

UBE2C is a E2 ubiquitin-conjugating enzyme that promotes tumor cell growth and malignant transformation \[[@R15]\]. Okamoto et al. \[[@R15]\] reported that the expression of UBE2C is high in cancer cell lines but extremely low in normal tissues. Also, UBE2C expression is high in lung, stomach, and uterine cancer compared with surrounding normal tissues. Other reports show that expression of UBE2C is elevated in breast, thyroid, and colon cancer, and in lymphoma \[[@R16]--[@R18]\]. In addition, high expression of UBE2C correlates with cancer progression or a poor prognosis \[[@R19], [@R20]\]. In BC, high UBE2C expression is associated with a poor prognosis after radical cystectomy, and with higher tumor stage, lymphovascular invasion, and shorter cancer-specific survival \[[@R21]\]. Fristrup et al. \[[@R22]\] reported that UBE2C was an independent prognostic marker for progression from NMIBC to MIBC; these data were validated in Danish, Swedish, Spanish, and Taiwanese cohorts.

With respect to BC, urine is an ideal source of biomarkers because the bladder is a temporary urine reservoir; therefore, analysis of urinary nucleic acids may yield potential candidate diagnostic biomarkers for BC. Indeed, some studies show that urinary cell-free nucleic acids derived from urogenital cancer did not come from the blood; rather, they arose from tumor cells or their breakdown products \[[@R23], [@R24]\]. Recently, Casadio et al. \[[@R10]\] isolated urine cell-free DNAs (sequences \[\> 250 bp\] derived from c-Myc, BCAS1, and HER2) from 51 BC patients and reported an AUC of 0.834 upon ROC curve analysis. Thus, they concluded that urine cell-free DNA is a potential marker for early noninvasive BC. Because this detection method is easy, noninvasive, and cheap, we suggest that it might open up new avenues for the application of urinary nucleic acids as biomarkers for BC.

Instead of urinary cell-free DNAs, urinary cell-free RNAs became the focus of our study. The source of urinary cell-free RNAs is the blood containing mRNA, rRNA, ncRNA, and miRNA, which can circulate as part of exosomes. These RNAs from the blood transport into urine through glomerular filtration, especially in bladder cancer. Subsequently, these RNAs in urine come in direct contact with the tumor. Bryzqunova et al. \[[@R14]\] reported that the concentration of urinary cell-free RNA was high, despite the fact that RNase activity was also high. It may be that urinary RNA is protected from nuclease-mediated degradation through forming complexes with biopolymers, as occurs in serum and plasma \[[@R25]\].

Here, we found that the levels of urinary UBE2C cell-free RNA were higher in BC patients than in normal controls (this result was consistent with that obtained from analysis of BC and normal control tissue arrays). Furthermore, urinary UBE2C cell-free RNA levels were higher in BC patients than in patients with hematuria (AUC = 0.839). This study follows our previous metabolomics study, which compared urine samples from BC patients and hematuria controls \[[@R7]\]. Unfortunately, however, no relationship between recurrence or progression and urinary UBE2C levels in NMIBC was observed (data not shown). With this, it is possible that the role of urinary UBE2C levels is limited to its diagnostic ability and that tissue analysis is a better prognostic marker in BC. Further studies on tissue marker for predicting prognosis in NMIBC are necessary.

The volume of urine produced by BC patient\'s fluctuates markedly depending upon the time of collection, hydration status, diet, and presence of renal disease. For example, examination of intraday differences in urinary RNA levels revealed a significant difference between morning and midday urine production \[[@R26]\]. Accordingly, the present study used RiboGreen as a reference gene to quantify total cell-free RNA levels in urine. In theory, RiboGreen-based quantification of total cell-free RNA in urine should make it easier to normalize the expression of each urinary cell-free RNA against that of a housekeeping gene; however, when we tried to normalize the expression of cell-free RNA against that of GAPDH, we found that the expression pattern and level of GAPDH was inconsistent. Thus, GAPDH is not a suitable reference for urine-based studies. To our knowledge, there is no previous study in BC that has conducted a direct measurements of urinary cell-free RNA with RiboGreen-based quantification.

The present study is also limited by a few weakness. This study is a single institution study with a limited number of participating patients. To address this, collaborations with other academic centers are being pursued and it is our hope that a large, prospective, randomized clinical trial on this topic will further validate our finding.

In conclusion, the levels of urinary UBE2C cell-free RNA were significantly higher in samples from BC patients than in samples from normal healthy individuals or from patients with hematuria. The higher levels of urinary UBE2C cell-free RNA in BC might reflects high expression of UBE2C mRNA in BC tissues. Therefore, urinary UBE2C cell-free RNA may be a valuable diagnostic marker for BC, although further confirmatory studies are required.

MATERIALS AND METHODS {#s4}
=====================

Ethics statement {#s4_1}
----------------

Collection and analysis of samples were approved by the Institutional Review Board of Chungbuk National University and each subject provided written informed consent (IRB approval number: 2010-12-010).

Patients and urine samples {#s4_2}
--------------------------

A total of 318 patients (212 BC and 106 normal controls) were enrolled in the study between May 2001 and September 2012. Age-adjusted controls comprised 64 healthy controls who visited the hospital for medical check-ups and 42 patients with microscopic hematuria due to non-malignant conditions (25 BPH patients and 17 SUI patients). Urine samples were collected in the morning and centrifuged at 25,000 rpm for 15 min. The supernatant and sediment were then placed into separate Eppendorf tubes and stored at −20°C until required. All tumor samples were primary tumors and these were obtained from patients who underwent transurethral resection (TUR) or radical cystectomy. All were histologically verified as urothelial transitional cell carcinoma. Tumors were staged and graded according to the 2002 American Joint Committee on Cancer TNM classification system and the 1973 WHO grading system, respectively.

Extraction of cell-free RNA from urine {#s4_3}
--------------------------------------

Urinary cell-free RNAs were extracted using the RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany) from the supernatant urine after urine sediments had been removed by prior centrifuge. Each frozen urine sample (1 ml) was thawed at room temperature and treated with 1 ml of RLT buffer. One volume of 70% ethanol was then added to the lysate and mixed well by pipetting. The sample was then transferred to a column containing a membrane that binds cell-free RNA. The column was placed into a 2 ml collection tube and centrifuged for 15 s at 8,000 × g. The aqueous flow-through was discarded and the column replaced into the same collection tube. After addition of 700 μl of RW1 buffer, the column was centrifuged for 15 s at 8,000 × g and bound cell-free RNA was washed by addition of 500 μl of RPE buffer followed by centrifugation for 15 s. The aqueous flow-through was discarded and the column centrifuged for an additional for 15 s at 8,000 × g, after which it was placed into a clean 1.5 ml microcentrifuge tube. Cell-free RNAs were eluted by addition of 50 μl EB buffer followed by centrifugation for 1 min at 13,000 rpm. The cell-free RNAs were dissolved in EB buffer were stored at −20°C until required. cDNA was prepared from 1 μg of random primer-RNA using a RNA to cDNA EdoDry Kit (TAKARA BIO INC., Otsu, Japan), according to the manufacturer\'s protocol.

Real-time PCR {#s4_4}
-------------

Urinary cell-free RNAs were quantified by real-time PCR using a Rotor Gene 6000 instrument (Corbett Research, Mortlake, Australia). Real-time PCR assays were performed in micro-reaction tubes (Corbett Research, Mortlake, Australia) containing SYBR Premix EX Taq (TAKARA BIO INC., Otsu, Japan). The sequences of the gene-specific primers used for real-time PCR are shown in Table [6](#T6){ref-type="table"}. For the urine study, standard plasmids were included in the real-time PCR to generate standard curves based on copy number (10^5^, 10^4^, 10^3^, 10^2^, and 10) and threshold cycle (Ct) values. To construct the standard plasmids, a 360 bp sequence (that included the PCR target region) derived from each target gene was synthesized and ligated into pUC57 plasmid DNA (GenScript, Piscataway, NJ). The synthesized target regions were confirmed by capillary sequencing. The Ct values for each gene were plotted on a standard curve to calculate the copy number. All samples were run in triplicate. The Quant-iT RiboGreen RNA Reagent Quant-iT RiboGreen RNA Kit (Invitrogen, Grand Island, NY) were used to measure the concentration of total cell-free RNAs purified from the urine samples.

###### Sequence, and amplicon size of genes used in the study

  Gene symbol   Primer                            Amplicon Size (bp)
  ------------- --------------------------------- --------------------
  CDC20         S: CTG AAC CTT GTG GAT TGG AG     79
                AS: ATG TCA CCA GAG CTT GCA CT    
  TOP2A         S: GAC TGT CTG TTG AAA GAA TC     87
                AS: ATT CCA CAG AAC CAA TGT AG    
  ESM1          S: GCA AGA GGA CAG TGC TCG AC     95
                AS: GCC ATC CAT GCC TGA GAC TG    
  UBE2C         S: CCA CAG TGA AGT TCC TCA CG     96
                AS: ACA GGG CAG ACC ACT TTT CC    
  CA9           S: AGT GAA GAG GAT TCA CCC AGA    101
                AS: GGC TTA ACT TCA GGT AGA TCC   

TS, sense; AS, anti-sense

Statistical analysis {#s4_5}
--------------------

The levels of urinary cell-free RNAs were compared between the BC and control groups using nonparametric methods because the expression data were not normally distributed and could not always be transformed to achieve normality. Receiver operating characteristic (ROC) curves were used to evaluate the diagnostic performance of the candidate urinary cell-free RNAs, and the optimal cut-off points for candidate marker selection were determined based on the highest combined sensitivity and specificityvalues obtained from ROC curve analysis. The diagnostic value of the urinary cell-free RNAs was determined using binary logistic regression models. Statistical analysis was performed using IBM SPSS Statistic ver. 21.0 (IBM Corp. Armonk, NY) and a *p*-value \< 0.05 was considered significant.
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